The initiation of germination of Bacillus megaterium QM B1551 spores, grown in supplemented nutrient broth, has been studied. The initiation properties depend on buffer concentrations and the particular batch of spores. Initiation in L-alanine, KBr, calcium dipicolinate, or in buffer alone increases as a function of the spore age; whereas initiation in glucose, L-leucine, or L-proline remains relatively constant. Extraction of spores with alkali, sodium dodecyl sulfatedithiothreitol, or lithium diiodosalicylate removes variable amounts of dipicolinic acid, hexosamine, and protein. These extracted spores are still capable of initiation and, in some cases, initiation is stimulated. However, extraction of spores with 8 M urea-10% mercaptoethanol inhibits subsequent initiation.
Several compounds such as glucose, certain amino acids, nucleosides, or ions can initiate the germination of bacterial spores (6) . Some of these initiation agents may be metabolized (17) , but it is not known how these agents, or products of their metabolism, start the degradation reactions of initiation. Methods have been described that extract proteins from the coats of dormant spores (1, 2, 4, 25) . In some cases a change in the properties of initiation of germination has resulted (2, 20, 25) . This suggests that the coat proteins may play a role in the mechanism of initiation.
Reported here are the initiation properties of Bacillus megaterium QM B1551 after extraction by several methods. The initiation of untreated spores has also been studied as a control because the properties of spores are dependent on their sporulation medium (12) . Although Levinson and co-workers (8, 12, 13, 15) have extensively studied initiation in this strain, they have not investigated spores grown in supplemented nutrient broth (SNB). Yet, most of the biochemical data available on this strain are from Kornberg and co-workers (3, 22, 24) who did use SNB-grown spores but did not characterize the initiation properties of those spores. No attempt has been made to repeat all of the published work on this strain. However, some properties of this strain that may influence the interpretation of initiation data are reported here for SNBgrown spores.
MATERIALS AND METHODS

Organism. Spores of B. megaterium QM B1551
were grown in SNB as previously described (11) . After the spores were washed and lyophilized, they were stored at room temperature and ambient relative humidity. References to weight of spores are then on a dry weight basis of lyophilized stocks.
Extraction procedures. Spores were suspended in the various reagents listed below at a final concentration of 10 mg/ml. After the indicated incubation time, the suspension was centrifuged at 5,000 x g for 10 min. The supematant fluid (10 ml) was removed and dialyzed ovnemight at 0 C in 1.0 liter of water with one change of water after 3 h. The spores were washed at least six times with 1 spectrophotometrically at 30 C on heat-activated spores (10 min at 60 C) as previously described (23) . The percent decrease in absorbance was calculated after 20 min, and a 60 to 70% decrease represented > 90% initiation of germination (23) . This was confirmed by observation under a phase-contrast microscope.
Heat resistance was determined by diluting 0.5 ml of a spore suspension (200 ug/ml) into 9.5 ml of water pre-equilibrated to 70 C. After incubation for 10 a Lyophilized spores were stored at room temperature for the indicated times.
b Spores were suspended in distilled water, heat activated for 10 min at 60 C, and diluted into water or Tris buffer (pH 8) at the indicated concentrations. The absorbance at 660 nm was measured at intervals during incubation at 30 C, and the percent decrease in absorbance was calculated after 20 min.
c Concentration (millimolar) of Tris.
was not a universal finding because a few batches of spores did not initiate well in Tris even after 4 months of storage. Several commonly used initiation agents were tested on SNB-grown spores. Initiation occurred in glucose, L-leucine, L-proline, and SNB as previously described (5, 12, 23) . In L-alanine, KBr, and Ca DPA, initiation was poor with freshly grown spores but improved with time of storage at ambient relative humidity and temperature. For instance, in one preparation of spores, 0.1 M L-alanine-5 mM Tris (pH 8) caused a 14% decrease in absorbance/20 min with spores 9 days old, but after storage for 14 days or 7 months the decrease in absorbance/20 min changed to 18 and 53%, respectively. Collectively, these results show that initiation is dependent on spore age, buffer concentration, and even the particular preparation of spores.
Extraction of spores. Spores were extracted with SDS-DTT, NaOH, urea or LIS. After treatment by any one of these methods, the spores appeared fully refractile under the phase-contrast microscope (Table 2) . On a dry weight basis, they had similar heat resistance and retained most (>80%) of their DPA. Only the SDS-DTT and urea-extracted spores were sensitive to phase-darkening and lysis by lysozyme, indicating that coat proteins had been removed to make the peptidoglycan accessible to lysozyme (1, 4) .
The ability of these extracted spores to initiate germination in glucose is shown in Fig. 1 initiation. However, with urea-treated spores there was a dramatic reduction in the ability to initiate germination in glucose (Fig. 1) . This was confirmed by observation under the phasecontrast microscope. These spores eventually do initiate after several hours as expected since they are viable and heat resistant. Thus, the effect of the urea treatment is to increase the time required for the population of spores to initiate. Attempts to stimulate initiation by variable heat-activation times, the addition of Ca2+ or Mn2+ (20, 21) , or addition of the dialyzed urea supernatant liquid were unsuccessful. A crude extract, which had been prepared by sonic treatment of untreated spores in 5 mM Tris (pH 8), was not effective in stimulating the initiation of urea-treated spores.
The ability of extracted spores to initiate germination (as judged by percent decrease in absorbance per 20 min) in other reagents was tested. Results similar to those for glucose were found for initiation in L-leucine and L-proline (Table 3) . Initiation in L-alanine, KBr, or Ca DPA was poor in the control spores. These E GERMINATION 799 spores were 1 day old, but with storage the ability of the control spores to initiate in these three reagents improved (data not shown).
When these 1-day-old spores were extracted with SDS-DTT, NaOH, or LIS, the initiation in L-alanine, KBr, or Ca DPA increased (Table 3) the control initiation studies and all extractions were done after 1 day of storage. The initiation studies of the extracted spores were done 1 day later. This work has been repeated on several other batches of spores with essentially the same results. It might also be noted that the data in Fig. 1 and Table 3 are for the initiation of extracted spores that were heat activated prior to testing initiation. For each assay shown in Fig. 1 and Table 3 , a control without prior heat activation was also tested, and in every assay the initiation was less. Thus heat activation was found to be required for initiation of the control and extracted spores. After each method of extraction, the supernatant liquids were dialyzed. The amount of hexosamine and protein in each supernatant liquid was determined ( Table 4 ). The hexosamine content of B. megaterium spores is 150 ug/mg of spores (L. Hsieh and J. C. Vary, un- published data). Less than 6% was removed in a nondiffusible form by any extraction procedure. In each case, the extracted spores retained > 90% of their hexosamine.
The total protein content of spores has been reported to be 330 x 10-5g per spore (3) or about 33% of the spore dry weight. The batch of spores used in this study had 300 ug/mg of spores (determined on a crude sonically treated extract), and this value was used to calculate percent protein extracted. SDS-DTT, NaOH, or LIS extraction removed 4 to 46% of total spore protein without greatly reducing their capacity to initiate germination within 20 min. Yet the urea treatment, which removed only 26% of the protein, greatly altered initiation.
The extracted proteins were examined by polyacrylamide gel electrophoresis (Fig. 2) . The SDS-DTT extraction shows a broad irregular band that migrates near the front of the gel which may be some low-molecular-weight material. Three distinct bands are found below. For NaOH, urea, and LIS extractions, the proteins resolve into five, six, and three bands, respectively, with none of the rapidly migrating material that was observed in the SDS-DTT supernatant. The mobilities of these bands were calculated relative to the tracking dye, and the dashed lines in Fig. 2 show the correspondence found between bands in different gels. These are approximate correlations (-i 10%) and are shown only to aid in comparing the gels. DISCUSSION The properties of B. megaterium QM B1551 spores grown in SNB are very similar to those described by Levinson and co-workers (8, 12, 13, 15) . The initiation of spores in buffer is probably similar to "ionic germination" (5, 6, 21) . As predicted from Levinson's studies (8) , these spores became activated by storage, but an additional effect was the increase in their capability to initiate in L-alanine, KBr, or Ca DPA. This change is not identical to "heat-induced reduction" of initiation described by Holmes et al. (7) because heat activation increased initiation, but it might have resulted from water vapor activation (8) . Thus in addition to activation and lowering of the concentration requirements (8, 13) Although the morphology of extracted spores has not been examined by electron microscopy, the extracted proteins probably include the coat proteins (1, 4, 10, 25) . If there are receptor sites and/or enzymes required for metabolism of initiation agents in the coats, one might expect these extracted spores to be incapable of initiation. These results and the results of others (1, 4, 25) show that the capacity to initiate is not eliminated. However, the coats may act as a permeability barrier since three of the extractions allowed them to initiate on a wider variety of compounds (see Table 3 and reference 25 
